Objective To investigate variation in the International Prostate Symptom Score (IPSS) in men following prostate brachytherapy.
Introduction
Radioactive seed implantation (brachytherapy) of the prostate for organ-confined prostate cancer has become quite common [1, 2] , particularly for low-and intermediate-risk disease following the description of the technique by Holm et al. [3] . A number of series with mature followk-up show biochemical recurrence-free survival rates similar to those achieved by radical prostatectomy [4] . Brachytherapy is well tolerated, but bowel symptoms, decreased erectile function, lower urinary tract symptoms (LUTS), and urinary retention do occur in some patients [5, 6] . Han et al. [7] have reported that most patients develop some degree of acute urinary irritative or obstructive symptoms. The International Prostate Symptom Score (IPSS) has been shown to be a useful tool for evaluating urinary symptoms following prostate brachytherapy [8] . Several previous studies have revealed the urinary symptoms, as measured by the IPSS, showed a significant increase at 1 and 6 months after seed implantation and had returned to baseline 12 months later, but most of the studies were of small series and of follow-up 12 months only [9, 10] . So, changes in urinary symptoms following prostate brachytherapy need to be well characterized with longer follow-up.
Here, we report the serial variations in the IPSS and the IPSS increase after prostate brachytherapy with a longer follow-up.
Patients and methods
Following institutional review board approval and written informed consent from patients, we identified patients within our institutional database (UCSF) who underwent transperineal ultrasound-guided prostate brachytherapy either alone or in combination with supplemental external beam radiation therapy (EBRT) for clinical T1c-T3b prostate cancer between January 2004 and November 2009. Patients without complete follow-up data were excluded. The implant procedure has been described in detail previously [6] . In brief, at pre-planning for seed implantation, patients were placed in the lithotomy position and transrectal ultrasound (TRUS) was carried out with a 6.0-MHz probe using a Siemens ultrasound unit (Sonoline SI-250, Erlangen, Germany). Images were obtained at 5-mm increments from the base to the apex using a stepping device. The prostate and urethra were outlined at each level with a track ball. Patients underwent palladium or iodine pre-loaded implantation, as monotherapy or combined with EBRT. All operations were performed by a urologist and radiation oncologist.
Risk groups were created according to the 1997 American Joint Commission on Cancer. For the low-risk group, seed implantation alone (monotherapy) was recommended, while for the high-risk group, a combination of I-125 seed implantation at a reduced radiation dose and supplemental EBRT was recommended (combined therapy). In the intermediate-risk group, individual treatment decisions were made.
The IPSS was prospectively assessed preimplant and at 1, 6, 12, 24, 36, and 48 months after the procedure. Additional clinical and treatment-related factors included age, serum PSA level, Gleason score, T stage, peak flow (Qmax), post-void residual (PVR) urine, hormone therapy, alpha-blocker, EBRT.
For statistical analysis, independent sample t test and Chi-square test were used to compare the monotherapy group and combined therapy group. To compare the IPSS and its increase over times, we used a mixed effect ANOVA with a subject-specific random effect and using time as fixed effects. The mean values of the IPSS increase at each time point between patients with preimplant IPSS values of 0-7, 8-19, and 20-35 categories were compared with one-way ANOVA. Clinical and treatment-related factors including age, serum PSA level, Gleason score, T stage, Qmax, PVR urine, hormone therapy, use of alphablocker, use of SEB radiotherapy, and IPSS preimplant were assessed for correlations with the IPSS variation. Univariate and multivariate analyses were performed using the linear regression test. Differences were regarded as statistically significant if the p value was \0.05. Analyses were carried out using SPSS 14.0 (SPSS, Chicago, IL, USA).
Results
A total of 518 men met the study inclusion criteria, of whom 387 (75 %) underwent brachytherapy monotherapy, while 131 (25 %) men had combined therapy. Demographic and clinical data stratified by treatment type can be found in Table 1 . Small differences in mean PSA (p \ 0.001), clinical T Stage (p \ 0.001), hormonal therapy (p \ 0.001), and alpha-blockers (p = 0.002) were observed.
The median follow-up was 37 months (range 5-69 months). The absolute IPSS score versus time after implant is shown in Fig. 1a . The mean preimplant IPSS was 7.4. Urinary symptoms peaked at 1 month after implant, with the greatest mean score of 16.0 (2.2-fold increase over baseline). As seen in Fig. 1b , a statistically significant increase over baseline in urinary symptoms was present until sometime between 12 and 24 months. By 12 months, the IPSS of 43.0 % (89/207) patients eventually returned to preimplant levels and that of 67.6 % (140/ 207) patients returned to within 3 points of the baseline, while at 24 months, the IPSS of 45.4 % (69/152) patients returned to preimplant levels and that of 71.1 % (108/152) patients returned to within 3 points of the baseline.
On univariate and multivariate analyses, the IPSS were best predicted by lower preimplant IPSS (data were not shown). So we stratified preimplant IPSS into mild (0-7), moderate (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and severe (20-35) categories and further analyzed preimplant IPSS values of the three categories. The IPSS variations between different groups were shown in Fig. 2 and Table 2 . The use of hormonal therapy or alpha-blockers, combined EBRT, and age, serum PSA level, Gleason score, T stage, Qmax, PVR urine were not significantly related to IPSS variation. There was no difference between the monotherapy and combined therapy groups for IPSS or IPSS increase at each time point (p [ 0.05), except the IPSS of time point of 6 months (p = 0.027).
The mean values of the IPSS increase at 1 month in patients with preimplant IPSS values of 0-7, 8-19, and 20-35 were 10.1, 7.5, and 2.5, respectively. In patients with a preimplant IPSS of 0-7, the IPSS increase was significantly higher when compared to that in patients with a preimplant IPSS of 8-19 or 20-35 (p \ 0.001 and p \ 0.001, respectively). In patients with a preimplant IPSS of 20-35, the IPSS increases at 6 and 12 months were -6.1 and -6.8, respectively.
During follow-up, sixteen patients (3.1 %) developed AUR and required catheterization.
Comment
Brachytherapy of the prostate with iodine-125 (I-125) or palladium-103 (Pd-103) seeds has been a common treatment modality for localized prostate cancer over the last two decades worldwide. De novo or worsened LUTS is one of the most common treatment-associated adverse effects, particularly in the short term. Bottomley et al. [11] found nearly all patients complained of urethritis in the first few weeks after implantation. A respectable amount of data have been published concerning the severity and resolution of the symptoms. Most studies made use of the IPSS, developed by the American Urological Association, to index benign prostatic hyperplasia (BPH) symptoms [12] , which facilitates comparisons of results across studies.
Previous studies have revealed the urinary symptoms, as measured by the IPSS, typically start a few days to a few Fig. 1 The value of a International Prostate Symptom Score (IPSS) and b IPSS increase at time points to 48 months. The horizontal line is the median, the box is the interquartile range, and the whisker encloses 100 % of the data. p value was comparison of each time point and preimplant weeks after implantation, show a peak in the IPSS at 1-3 months, of 7-13 points above baseline, and then gradually decrease, coming back to preimplant levels at 9-18 months. Table 3 shows the comparative IPSS values for eleven studies at various time points, using a combination of median and mean values, but most of the studies are of follow-up of 12 months only [9, 10, [13] [14] [15] [16] [17] [18] [19] [20] . Williams et al. [17] reported 57.8 % of patients had returned to baseline at 12-months follow-up, with a median recovery time of 15 months; they also reported that there were some events of returning to baseline within 36 months after brachytherapy. We believe that longer follow-up is necessary to evaluate the long-term changes in urinary function and morbidity.
In our analysis, IPSS after brachytherapy peaked at 1 month and decreased to 8.6 at 12 months, but still slightly greater than baseline, and then gradually returned to approximately baseline at 24 months. The IPSS of 45.4 % (69/152) patients gradually returned to preimplant levels and that of 71.1 % (108/152) patients returned to within 3 points of the baseline at 24 months. Compared with most previous studies [9, 10, [13] [14] [15] [16] [17] [18] [19] [20] , the urinary symptoms post-brachytherapy need a longer time (24 months) to coming back to preimplant levels in our long-period follow-up analysis.
Several studies have assessed the correlations of clinical and treatment-related factors with the IPSS increase. Merrick et al. [21] reported that use of alpha-blockers results in significantly less urinary morbidity, and the IPSS normalized significantly faster. Some studies have demonstrated a relationship between urinary symptoms and urethral doses [22, 23] . Salem et al. [22] found the prostate volume to be a predictor for either LUTS severity or resolution. Some studies have demonstrated that a heightened IPSS change was correlated significantly to a lower preimplant IPSS [9, 17] . Agreement exists about the correlation between LUTS after implantation and before implantation [24] . This correlation, however, seems logical and does not associate with the worsening of symptoms with respect to the situation before treatment. In our study, on univariate and multivariate analyses, the IPSS increase was best predicted only by lower preimplant IPSS. On the other hand, the higher preimplant IPSS was likely to result in less worsening of symptoms than in a lower starting point. Limitation includes retrospective design and data collection. Therefore, our study cohort might be subject to selection and recall bias. Also some incomplete data of our database make contributions to loss of follow-up. Despite the limitations, our study is currently one of the largest reports on the long-term follow-up of IPSS after brachytherapy, and it may assist clinicians in risk stratification and surveillance schedule.
Conclusion
IPSS after prostate brachytherapy peaked at 1 month and gradually returned to approximately baseline at 24 months in 45.4 % of patients. The only significant factor predictive of IPSS increase was a lower preimplant IPSS.
